The Va-1 group of denitrifying pseudomonads was characterized and compared with Pseudomonas pickettii (Va-2). They share many features but differ in their production of acid from cellobiose, lactose and maltose and in their denitrification (gas from nitrate) at 35 "C. DNA-DNA hybridizations between a strain of Va-1 and the type strain ofP.pickettii disclosed 84 % homology and hence indicated that Va-1 is a biovar of this species. Since both are potential human pathogens, features are presented that distinguish these and other phenotypically similar species that are recovered from clinical specimens.
* UCCL, UCLA clinical laboratories, Los Angeles; OVMC, Olive View Medical Center, Sylmar, California; OCHD, Orange County (California) Health Department.
to Tatum et a/. (1974), and at 42 "C by lightly inoculating a tube of nitrate broth (Vera & Dumoff, 1974) and incubating for 48 h. Evidence of motility was observed as spreading growth in both MN and OF (Tatum et a/., 1974) media.
Biochemical tests. Acid production from carbohydrates and related compounds was determined in the OF basal medium of Tatum et al. (1974) , on the 'oxidative low peptone' (OLP) medium of Greenwood & Pickett (1978) and by the 'buffered single substrate' (BSS) procedures of Pickett & Pedersen (1970~7, b) . Alkali production from amides and organic salts was determined by OLP and BSS procedures. Commercial BSS tablets (Key Scientific Products, Los Angeles, U.S.A.) were used according to the manufacturer's directions to test for: arginine dihydrolase, P-galactosidase (the ONPG test), and indole production; hydrolysis of hippurate; oxidation of gluconate to 2-ketogluconate, tryptophan to indolepyruvic acid, and phenylalanine to phenylpyruvic acid; and decarboxylation of lysine and ornithine. Oxidase and catalase were tested according to Greenwood & Pickett (1979) with cell paste obtained from 24 h blood agar plates.
Formation of fluorescein was detected in King's medium B (Vera & Dumoff, 1974 ) supplemented with 0.2 % (w/v) KNOs, and in fluorescence-lactose-denitrification (FLN) medium containing (g 1-l) : Proteose Peptone no. 3 (Difco), 10; agar (Difco), 15; lactose, 20; glucose, 0.5; sodium acetate.3H20, 0.5; phenol red, 0.02; MgS04.7Hz0, 1.5; KzHP04, 1.5; KNOS, 2; NaNO,, 0.5. This medium was dispensed in 4 ml amounts into 13 x 100 mm tubes, sterilized by autoclaving (121 "C, 10 min), and solidified to provide slants and butts of approximately equal length. The FLN and MN media used here were modified slightly from those previously reported m) and '0.01 buffered medium' (1.333 mM). They proposed use of the last medium, which is that of Vera & Dumoff (1974) , for rapid urease tests. The urease niediuni of Key Scientific Products contains 0.1 % (w/v) KH2POp (7.4 m). Christensen and OLP media contain phosphate (14.7 and 7-6 m, respectively) and also 0.1 % (w/v) each of glucose and organic nitrogen. All of these media contain phenol red as indicator. Each of the buffered substrate media was dispensed in 1 ml amounts in 13 x 100 mm tubes and inoculated with 0.1 ml of heavy bacterial suspension.
DNA base composition and hybridizations. The methods were those of Greenwood & Pickett (1980).
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RESULTS
Colonies of the Va-1 strains were 0.1 to 0.5 mm in diameter at 24 h (average for 17 strains, 0-25 mm) and enlarged to 0-6 to 1.2 mm at 48 h (average, 0.91 mm). Colonies of Va-2 strains were slightly larger : 0.3 to 0.8 mm at 24 h (average for 13 strains, 0.45 mm) and enlarged to 0.8 to 1.4 mm at 48 h (average, 1-2 mm). The colonies of both biovars at 24 h were transparent to translucent, non-haemolytic, smooth, convex, entire and butyrous, became translucent to slightly opaque at 48 h and were not pigmented. Microscopically (see also Tatum et al., 1974), all strains were slender, Gram-negative, monotrichous rods. Also, as noted by Tatum et al. (1974) , viability was poor. In our hands, stock cultures of Va-1 maintained at either 4 or 20 "C frequently died in less than 3 weeks.
Other features of both biovars are presented in Table 2 . Only four of the 79 features listed are qualitatively and significantly different for the two biovars, namely, denitrification at 35 "C and acid production from cellobiose, lactose and maltose. Tables 3 and 4 present additional data concerning the effect of temperature and media on overt production of gas from nitrate. Table 5 presents results obtained with different media and inocula in tests for hydrolysis of urea. Table 6 presents data obtained from caesium chloride density gradient centrifugation and DNA-DNA hybridization. Table 7 compares P . pickettii with those other species which, in our experience, are most likely to be confused with it.
DISCUSSION
The DNA base composition and hybridization data of Table 6 suggest that both Va-1 and Va-2 are biovars of Pseudomonas pickettii. This suggestion is supported by the cluster analysis of King et al. (1979) and by the hybridization data of Ralston et al. (1973) . Ralston et al. (1973) reported that the DNA base composition of strain K-300 of biovar Va-1, like that of type strain K-288 (ATCC 2751 1) of P . pickettii, was 64 mol % G + C, and that the DNAs of these two strains showed 90 % binding at 71 "C. They also reported that, in assimilation experiments, strain K-300 was similar to the strains of Va-2 but differed in respect of five of the 133 substrates tested (caproate, histamine, L-histidine, L-phenylalanine and valerate).
Tatum et al. (1974) obtained more than two patterns for oxidation of carbohydrates with their strains of group Va but we did not. The discrepancy, we believe, arises from differences in sensitivity between their methods and ours. We, too, found that one out of 17 strains of Va-1 failed to produce acid from lactose in OF medium, a second strain was maltosenegative in this medium, a third was cellobiose-negative in BSS medium, and a fourth was maltose-negative in both BSS and OF media. However, on OLP medium all strains of Va-1 produced acid from all three carbohydrates; no strain of Va-2 produced acid from these carbohydrates with any of the three basal media.
Our results for Va-1 (Table 2 ) differ from those of Gilardi (1978) in tests for/?-galactosidase (ONPG test) and oxidation of phenylalanine. However, our positive tests were both weak and delayed. We do not, then, judge these to be significant discrepancies.
The data of Table 5 indicate that the concentration of buffer, presence or absence of glucose and size of inoculum may significantly influence the outcome of urease tests on bacteria that are saccharolytic but only weakly urease-positive. All of the strains recorded in this table were urease-positive but none made alkaline the strongly buffered medium of Stuart et al. (1945) . With Christensen medium, even when heavily inoculated, only six strains of Va-1 and two strains of Va-2 gave strong (red slant) positive results; the other 12 strains gave only weak (pink slant) positive results during 8 d incubation.
Since strains of the Va-2 biovar did not denitrify at 35 "C, we determined whether cultures nominally incubated at this temperature would show gas production when they were shifted for different periods to a lower temperature. The data of -f RT, Room temperature (22 f 2 "C).
young ( ? See Methods for details of phosphate buffers used by Stuart et al. (1945) .
$ About 2 mms of cell paste in a 3 mm loop was used as 'heavy' inoculum; the same loop, without flaming, Christenseng provided the 'light' inoculum. A 'light' inoculum was also used for OLP medium. The Va-1 group of pseudomonads In the identification of non-fermentative Gram-negative rods, differentiation among ' Achromobacter ' species, P. pickettii and the Pseudomonas Jluorescens-P. putida complex can present a problem, particularly if incubation is at 35 to 37 "C since the last group frequently fails to show fluorescence at this temperature. For this last group, sensitivity to polymyxin B, production of alkali from arginine and formation of fluorescein at room temperature are a critical constellation of features. Although we are aware of the uncertain future of the genus Achromobacter (see Hendrie et al., 1974) , we use the name here since many clinical microbiologists feel that this would be a useful genus in which to include peritrichously flagellated oxidative organisms. For Achromobacter species, possession of peritrichous flagella is the one most useful feature. When this information is not available, failure to hydrolyse Tween 80 is particularly useful. Other useful features are reduction of nitrate to nitrite or gas, a negative arginine test and susceptibility to polymyxin B. Among all non-fermentative bacilli, P. pickettii is uniquely characterized by the following features : resistance to polymyxin B; acid from glucose but never from ethanol, mannitol and sucrose; alkali from malonate and urea; and gas from nitrate (20 to 30 "C).
As with many non-fermentative bacilli, there are few firm data concerning the aetiologic significance of Va-1 in human disease. Most of our strains appeared to represent normal flora of the hospital environment. However, both K-1576 and K-1577 (Table 1) recovered from active disease processes and the latter strain was recovered in pure culture. Tentatively, then, we conclude that Va-1, like several other non-fermentative species , is occasionally aetiologically significant in human disease.
Since completion of this paper a further five strains of Va-1 have been isolated from clinical specimens.
